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(7^ Phenotypic Allele Detail m-W&m 

Allele Symbol: Trp53*"^"yJ 

Name: targeted mutation 1, Tyler Jacks 
ID: MGI: 1857263 

p53-, p53'^^'*^ p53""", Trp53- 

Allele Type: Targeted (knock-out) 
strain of Origin: 129S2/SvPas 
ES Cell Line: D3 
ES Cell Line Strain: 129S2/SvPas 
Mutation: Disruption caused by insertion of vector 

A neomycin cassette replaced 40% of the coding sequences beginr 
(upstreann of the translation start site) and extending into exon 6. 
Gene Expression in TrpSS*'"''''"^^ mutants (31 assay results) 
International Mouse Strain Resource: ( Search for IMSR strains w 
mutations) 

Mouse Models of Human Diseases: ( See Below ) 
References and Additional Notes: (See Below) 

Gene Symbol: Trp53 
information Na"ie: transformation related protein 53 
Chromosome: 11 

Genetic Position: 39.0 cM, cytoband B2-C 

Genome Coordinates: 69305640-69317530 bp, + strand (From i 

of NCBI Build 34) 

Human Ortholog: TP53 

Phenotypes Phenotypic details for all genotypes that include at least one Trpi 

Genotype 

Phenotype 

Allelic Composition Genetic Backgroi 

Go.lP Ixp.53>"^'^-VlrjJ.53}^^^-* involves: 129/Sv * C57BLy6 

Go To Tr p 53'-'^^-^'-^/ Trp 53-' ^"^-^^-^ involves: 129S2/SvPas 

Go To Trp„5:3 ■ "^^ ^y^/:]:r^..^3^^^^^ involves: 129S2/SvPas * C57B 

G0„T0. Tro 5 3 ^^^^'^yi/ Trp 53 ^^"^^ involves: C57BL/6 

Go To Trp53^^^^^/Trp53+ involves: 129/Sv * C57BL/6 

So.Jg Ii:p5.2'"^^-^'^^/Trp53+ involves: 129S2/SvPas 

Go To Tfp53 ^^^^^-^/Trp53+ involves: 129S2/SvPas * C57B 

GO.JO Ii:p.S3.^^^^^/Trp53+ involves: C57BL/6 

So To JrDS3' ^^'^^^^ nrpS3^ ^^^^^-^ involves: 129S2/SvPas * 129S 

Go To Trp 53^^^^^/ Trp 5 3^ ™^^-^^ involves: 129S2/SvPas * 129S 

^^^-^ Tt^^^^-vyj/j^ttnuyj ^^^'^^ 

either: (involves: 129S2/SvPa£ 
cqneX ^^"^/? 129S4/SvJaeSor * C57BL/6J) c 

.S?u„j.u y^^,c^.,u2iilia/jrpc;-^il^^ 129S2/SvPas * 129S4/Sv3aeS( 

C57BL/63) 

«SJO ^S^S^^..^ involves: 129.Trp53t-TvV3 * . 

MO S^^^ involves: 129-Trp53t-TvV, * , 
^ ^ Th bs ltmlHYn/Th bs itmlHYn 

Go To -^^^.-f,, '"^^ involves: 129/Sv * C57BLy6 
ICi?.53.^^^^^-'^/TrpS3+ 
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Dphil mZBtn/ Dphit m^^ 

DDhit mZBti£/Dphi + 

j^^Uiiayi/Trp53+ 

j^^t-:nlXxl/Trp53+ 

TsQ loil miMak/ Tsa loit mlllflk 

RadSO^ g^/ RadSO^ g^ 

jrp53ii211Ija/jrp53^ 

TfdDitmimi/TfdDitmimi 
Tfdpit inim/Tfdpi+ 

gbilmlIyl/Rbi+ 

j^^^55.tnjmi/Trp53+ 

PrkdcS dd/Prkdc-^ 

t^/last r ^2 9S4/SYJae/ 7 
ivifltmllia^? 

Mdm2^ °^ /Mdm2^ g^ 

Tg(Actb- NQTC Hl)lShn/0 
Tq (Nes-cre)JlK l n /0 

TqfActb-NOTCHJDlShn/O 

Tq ( Nes-cre)lKln /0 

1-,-p55.t >!UX>:l/Trp53+ 



involves: 129/Sv * C57Biy6 



involves: 129/Sv * C57BLy6 



involves: 129/Sv * C57BLy6 



involves: 129P3/3 * C57BL/6 * 

involves: 129S/SvEv * 129S2/ 
C57BL/6 

involves: 129S/SvEv * 12952/ 
C57BL/6 

involves: 129Sl/Sv 

involves: 129S2/SvPas * 1295 
129S7/SvEvBrd * C57BL/6 

involves: 12952/SvPas * C57B 



involves: 12952/SvPas * C57B 
involves: 12952/SvPas * C57B 
involves: 12952/5vPas * C57B 
involves: 12952/SvPas * C57B 
involves: 12952/SvPas * CS7B 
involves: 12952/SvPas * C57B 

involves: 12954/5v3ae * C57B 

involves: 12954/Sv3ae * C57B 

involves: 12957/SvEvBrd * C5 
involves: 129Xl/SvJ 

involves: C57BL/6J 

involves: C57BL/6J 
Not Specified 



Allelic Composition Genetic Background 

Inp 53^^^^^/Trp 53- - '^'^ ? involves: 129/Sv * C57BL/6 



life span/aging 
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premature death ( 3:87501, J: 72391 ) 

O 90% had succumbed to tumors and died by 7 months of a 
O average life span 160 days {3:72391) 

tumorigenesis 

increased tumor incidence { J: 72391 ) 
adenoma { J: 72391 ) 
carcinoma { J: 72391 ) 
lymphoma { J: 72391 ) 

thymic lymphoma { J: 87501 ) 

O 75% of observed tumors were thymic \ym\ 

sarcoma { J: 72391 ) 

cellular 

abnormal apoptosis { J: 87501 ) 
chromosomal instability { 3:87501 ) 
O aneuploidy 

Allelic Composition Genetic Background 

IrM3^^^^^/Iri?£3j^^ involves: 129S2/SvPas 



lethality/embryonic-perlnatal 

embryonic lethality { 3:95316 ) 

O a slight decrease is seen in the number of females born 

life span/aging 

premature death { 3:95316 ) 
O mean life span is 4.4 months 

tumorigenesis 

i ncreased tumor incidence (iiasaifi) 

O 32% have multiple tumors 

T cell derived lymphoma { 3:95316 ) 

O 66% of homozygotes display hematological malign 
primarily T cell lymphomas 

hemangiosarcoma { 3:95316 ) 

O the incidence of hemangtosarcomas is 32% compa 
Trp53^"^^'^yJ Trp53^"^^-^Tyj transheterozygotes 

Allelic Composition Genetic Background 

y r p 53. tn)^.m/Tr p ss-UiiUVJ involves: 129S2/SvPas * C57BL/6 

tumorigenesis 

increased tumor incidence { 3:17728 ) 
O most mice dead by 6 months 

O predominantly lymphomas with sarcomas and teratomas 
lymphoma { 3:17728 ) 
sarcoma { 3;17728 ) 
teratoma {3:17728) 



Allelic Composition Genetic Background 

Trp53 ^"^^^yV lrp53 't^ ' ^'^>' ^ involves: C57BL/6 



life span/aging 

premature death { 3:95318 ) 

O homozygous mutants die between --50 to 250 days after t 

tumorigenesis 
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lymphoma ( J: 953 18 ) 

O 56% of homozygous nulls developed lymphomas 

sarcoma { 3:95318 ) 

O 40% of homozygous nulls developed sarcomas 



cellular 

decreased sensitivity to gamma-irradiation { J: 953 18 ) 
O irradiated E13.5 heterozygous embryos showed no eviden* 
in the hypothalamus compared to wildtype and heterozygc 
showed a high number of apoptottc cells 

increased cell proliferation { J:95318 ) 

O MEFs initially did not show any significant differences in gr 
by day 4, grew more rapidly than wildtype or heterozygou: 

Allelic Composition Genetic Background 

TVg53;t:nmj/TrpS3+ involves: 129/Sv * CS7BLy6 

tumorlgenesls 

increased tumor incidence { J: 72391 ) 
adenoma { J: 72391 ) 
carcinom a U; 7:2391 ) 
lymphoma { J: 72391 ) 

Allelic Composition Genetic Background 

Ir.p.5;.5^^^^^/Trp53+ involves: 129S2/SvPas 

life span/aging 

premature death { J: 9 53 16 ) 

O mean life span is 15.4 months 

tumorlgenesls 

increased tumor incidence { J: 953 16 ) 

O 19% have multiple tumors compared to 44% of Trp53^"^^*- 
heterozygotes 
carcinoma { J:95316 ) 

O 4 of 37 develop low grade carcinomas including 1 \ 
differentiated lung carcinoma 

cellular 

increased cell proliferation { J: 953 16 ) 

O a larger fraction of MEFs are in S phase compared to wild 1 

Allelic Composition Genetic Background 

Irp53^^^^^/Trp53+ involves: 129S2/SvPas * C57BL/6 

tumorlgenesls 

increased tumor incidence ( J: 17728 ) 

O age of onset 9 months 

lymphoma {J :17728 ) 
sarcoma { J: 17728 ) 



Allelic Composition Genetic Background 

Irj?&3^^^^^/Trp53+ involves: C57BL/6 



life span/aging 

premature death ( J: 953 18 ) 

O heterozygous mutants die between 150 to 750 days after I 
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tumorigenesis 

ca rcinoma { 3:95318 ) 

O 12% of heterozygous mutants developed carcinomas, whi( 
homozygotes 
lymphoma { J:95318 ) 

O 32% of heterozygous mutants developed lymphomas 

sarcoma { 3:95318 ) 

O 56% of heterozygous mut ants developed sarcomas 

Allelic Composition Genetic Background 

Trp 53^-^^'''^^V Trp 53^ "^^-^ involves: 129S2/SvPas * 129S4/Sv3ae 

lethality/embryonic-perinatal 

embryonic lethality { 3:95316 ) 

O a slight decrease is seen in the number of females born 

life span/aging 

premature death { 3:95316 ) 

O mean life span is 4.5 months 

tumorigenesis 

increased tumor incidence { 3:95316 ) 

O 57% have multiple tumors, significantly more than in Trp5 
homozygotes (32%) 

carcinoma { 3:95316 ) 

O carcinomas are seen in 16% of transheterozygotes 
carcinomas showing signs of invasion, metastasis, 
features of advanced human carcinomas 

O most carcinomas are derived from epithelial cells 

T cell derived lymphoma {3 :953X6 ) 

O a slight decrease in hematological malignancies (p 
lymphomas) is seen compared to TrpSS^^^^^^-l horn 
compared to 66%) 

hemangiosarcoma { 3:95316 ) 

O the incidence of hemangiosarcomas is increased to 
compared to 32% in Trp53^"^^^yJ homozygotes anc 
are highly aggressive 

Allelic Composition Genetic Background 

T^^lLOiUyi/jr^S^tmillia involves: 129S2/SvPas * 129S4/Sv3ae 

lethality/embryonic-perinatal 

embryonic lethality { 3:95316 ^ 

O a slight decrease is seen in the number of females born 

life span/aging 

premature death {3 :95316 ) 

O mean life span is 4.6 months 

tumorigenesis 

increased tumor incidence { 3:95316 ) 

O 43% have multiple tumors 

carcinoma { 3:95316 ) 

O carcinomas are seen in 18% of transheterozygotes 
carcinomas showing signs of invasion, metastasis, 
features of advanced human carcinomas 

O most carcinomas are derived from epithelial cells 

Tcell deriyed lymphoma { 3:95316 ) 

O a slight decrease in hematological malignancies (p 
lymphomas) is seen compared to TrpS3*"^^^y^ hom 
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compared to 66%) 



Allelic Composition Genetic Background 

jj^tnUTii/T^ttrdXKi ^^^^^^ 



lethality/embryonic-perinatal 

embryonic lethality before somite formation { J: 85440 ) 

O no homozygotes were born 

O timing of lethality was somewhat attenuated 

O undersized surviving embryos found at E7-7.5 

O 2 surviving embryos at E8-8.5 



embryogenesis 

abnormal extra embryonic tissue morphology { 3:85440 ) 
O extraembryonic structures generally disorganized 

Allelic Composition Genetic Background 

either: (involves: 129S2/SvPas * 129S4/SvJaeS 
- -Svi/T J<rxU^^ (involves: 129S2/SvPas * 129S4/SvJaeSor 



cellular 

i ncreased cell proliferation U :99695 ) 

O cell proliferation in double mutant MEFs is increased comp; 
homozygous null for TrpS3 alone 



tumorigenesis 

increased tgmor incjcjence U :996 95) 

O mean tumor-free survival is reduced to 145 days compare) 
in mice homozygous null forTrp53 alone 

Allelic Composition Genetic Background 



lethality/embryonic-perinatal 

embryonic lethality { 3;97X37 ) 
O increased embryonic lethality 
O ratio distortion 



Allelic Composition Genetic Background 



lethality/embryonic-perinatal 

embryonic lethality { 3:97137 ) 

O increased embryonic lethality 
O ratio distortion 



Allelic Composition Genetic Background 

^^^^^'"^^..^p^*"'!^"^" involves: 129/Sv * C57BLy6 



life span/aging 

premature death { 3:72391 ) 
O average life span 426 days 



tumorigenesis 
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increased tumor incidence { J: 72391 ) 
adenoma { J: 72391 ) 
carcinoma { J: 72391 ) 
lymphoma U:7239J) 
sarcoma { J: 72391 ) 



Allelic Composition 
m^^/rn^^ involves 



Genetic Background 



129/Sv * C57BL/6 



life span/aging 

premature death { J: 72391 ) 
O average life span 149 days 



tumorigenesis 

increased tumor incidence { J: 72391 ) 
adenoma ( J: 72391 ) 
carcinoma { 3:72391 ) 
lymphoma { J;72391 ) 
sarcoma { J: 72391 ) 

O increased incidence of sarcomas overall, but decre 
of osteosarcomas 

Allelic Composition Genetic Background 



lethality/embryonic-perinatal 

embryonic lethality during organogenesis { 3:88090 ) 

O 30-50% of embryos die between Ell. 5 and E13.5 

neonatal lethality { 3:88090 ) 

O homozygotes die soon after birth 

cellular 

cellular phenoty pe { 3:88090 ) 

O proliferation defect in cultured MEFs rescued by this genot 

Allelic Composition Genetic Background 

^M/Dphl- , ^ 

Irp53?^^^/Trp53+ 



tumorigenesis 

increased tumor incidence { 3:88090 ) 

O tumors develop much quicker in this genotype 
O latency of 52 weeks as opposed to 70 weeks 

Allelic Composition Genetic Background 

Nfltml3ja/Nfi+ 



v T TtM^iTviV ; involves: 129/Sv * C57BL/6 



life span/aging 

premature death {3 :588/6 ) 

O cis-double heterozygotes die by 5 months of age and trans 
heterozygotes survive to the average age of 10 months 

tumorigenesis 

increased tumor Incidence { 3:58876 ) 

O cis-double heterozygotes exhibit greater incidence of tumo 
double heterozygotes 
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malignant peripheral nerve sheath tumors { J:58t 
O develop in cis-double heterozygotes, usually corral 
of one chromosonne 
sarcoma ( J: 58876 ) 

O developed in both cis- and trans-double heterozyg* 
O sarcomas in trans-double heterozygotes were simi 
found in mice with either single mutation and were 
correlated with loss of one chromosome 

Allelic Composition Genetic Background 

1miM;,/i tmiMpir involves: 129P3/J * C57BL/6 * CD-I 

tethality/embryonic-perinatal 

embryonic lethality during organo genesis {J: 67553 ) 

O die between E8.5 and E10.5 

embryogenesls 

reduced embryo size { 3:67553 ) 

O larger than TsglOl^"^^'^^'^ homozygous mutant mice at E8. 

growth/size 

reduced embryo size { 3:67553 ) 

O larger than TsglOl^"^^'^®'^ homozygous mutant mice at E8. 



Allelic Composition 



Genetic Background ' 



^^^^"'l-'v^^^^mi^r involves: 129S/SvEv * 129S2/SvPas * C57BL/ 



lethality/embryonic-perinatal 

embryonic lethality { 3:40594 ) 

embryogenesls 

abnormal extraembryonic tissue morphology { 3:40594 ) 

growth/size 

growth/weight/body size abnormality: embryonic { 3:40. 

nervous system 

abnormal neural tube morphology/development { 3:405*, 

Allelic Composition Genetic Background 

^^S^^^ 129S/SVEV * 129S2/SvPas • C57BL7 



lethality/embryonic-perinatal 

embryon ic l et h alit y { 3:40594 ) 

growth/size 

growth/weight/body size abnormality: embryonic { 3:40. 

nervous system 

abnormal neural tube morphology/development (J:4n^' 



Allelic Composition Genetic Background 

vvi ^^^^-.i invo ves: 129Sl/Sv 
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lethality/embryonic-perinatal 

embP/onic lethality ( 3:84329 ) 
O survived through E9.5 

tumorigenesis 

altered tumor susceptibility/resistance { 3:84329 ) 

cellular 

chromosomal instability { 3:84329 ) 

O 44% of mitotic spreads showed abnormal chromosome nu 
reduced 

embryogenesis 

reduced embryo size { 3:84329 ) 
O developmentally retarded by E9.5 

growth/size 

reduced embryo size { 3:84329 ) 
O developmentally retarded by E9.5 

nervous system 

open neural tube ( 3:84329 ) 

O seen at E9.5 

Allelic Composition Genetic Background 

RadSQ^ ^t^/ RadSO^ iP^ involves: 129S2/SvPas * 129S6/SvEvTac * 12< 

53.t tr!lli0 ^f p 53l inUyJ C57 BL/6 

life span/aging 

premature death { 3:78820 ) 

O mean age of death is 4.5 months 

tumorigenesis 

altered tumor susceptibility/resistance { 3:78820 ) 

O acceleration of tumorigenesis 

thymic lymphoma { 3:78820 ) 

immune system 

immune system phenotype { 3:78820 ) 

O B cell numbers increased 5-20 fold compared to RadSO*"^^ 
mice 

reproductive system 

abnormal testis morphology { 3:78820 ) 

O suppression of testicular apoptosis 
O normal meiotic progression 

endocrine/exocrine glands 

abnormal testis morphology { 3:78820 ) 
O suppression of testicular apoptosis 
O normal meiotic progression 

Allelic Composition Genetic Background 



Ifdiii™i/Ifslci™^ 



involves: 129S2/SvPas * C57BL/6 



lethality/embryonic-perinatal 

embryonic lethality {3:81580) 
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Allelic Composition Genetic Background 

- "^^^S^^S^ involves: 129S2/SvPas * C57BLy6 



lethality/embryonic-perinatal 

embryonic lethality { J: 81 580 ) 

O incomplete penetrance, ^50% survive to adulthood 



nervous system 

exencephaly { 3:81580 ) 

O observed at E13.5, and incompletely penetrant 

Allelic Composition Genetic Background 

tmiT vf 4. involves: 129S2/SvPas * C57BLy6 
Trp53^^^^/Trp53-^ 



life span/aging 

premature death { 3:71406 ) 

O mean age of survival was 415 days vs. mice heterozygous 
or homozygous Prdm2 alone, which. survived to '^'550 days 



tumorigenesis 

Increased tumor incidence { 3:71406 ) 

O of types similar to those found in mice homozygous for Pre 

Allelic Composition Genetic Background 

^^.-^viv/ ^ involves: 129S2/SvPas * C57BLy6 



life span/aging 

premature death { 3:19542 ) 

O the mean age of survival of double heterozygotes is slightl 
relative to mice heterozygous for Rbl*"^^^^^ alone (9 mont 
months) 



tumorigenesis 

increased tumor incidence { 3:19542 ) 

O 8% of a total of 12 individual double heterozygotes analyz 
bronchial hyperplasia; neither lymphomas nor retinal dysp 
observed 

O each of 67 double heterozygotes analyzed developed pituh 
the intermediate lobe; '^'75% of these mice also developec 
thyroid tumors 

O in nearly all double heterozygotes with pituitary and thyroi 
wild-type allele of Rbl is lost whereas the wild-type allele • 
retained 

O one of 7 individual double heterozygotes analyzed displays 
pinealoblastoma (not detected in single heterozygotes); th 
alleles of both Rbl and Trp53 were lost in this pitneal tumc 
carcinoma { 3:19542 ^ 

O 14% of a total of 14 individual double heterozygott 
displayed islet celt carcinomas (not detected in sin* 
heterozygotes) 
O notably, the wild-type alleles of both Rbl and Trp5 
tumors of the islet cells of the pancreas 
sarcoma { 3:19542 ) 

O 6% of a total of 67 individual double heterozygote: 

displayed anaplastic sarcomas 
O such tumors were shown to be more aggressive ar 
earlier age than those occurring in single Trp53^"^^ 
heterozygotes 
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O notably, the wild-type alleles of both Rbl and Trp5 
these anaplastic sarcomas 
leiomyosarcoma { 3:19542 ) 

O one of 7 individual double heterozygotes a 
displayed a leiomyosarconna 

Allelic Composition Genetic Background 

^^tMMTv.M^^^rr— involves: 129S2/SvPas * C57BLy6 * MFl 



life span/aging 

premature death { 3:47667 ) 

O death occurs between 7-9 months of age 



tumorigenesis 

thymic lymphoma { 3:47667 ) 
O thymoma (67% incidence) 



Allelic Composition Genetic Background 

^^^l^^.f''^^'^^^,^,!^.,. involves: 129S2/SvPas * C57BLy6 * MFl 



life span/aging 

premature death { 3:47667 ) 

O death occurs between 7-9 months of age 

tumorigenesis 

thymic ly mphoma { 3:47667 ) 

O thymoma (55% incidence) 
Allelic Composition Genetic Background 

rro,^C(rS^ 129S2/SvPas* C57BU6J 



life span/aging 

premature death { 3:476 67) 

O animals became ill and died around 7 months 



tumorigenesis 

thymic lymphoma { 3:47667 ) 
O 60% incidence of thymoma 

Allelic Composition Genetic Background 

IfpS^"^^-^/? involves: 129S4/Sv3ae * C57BLy63 



tumorigenesis 

resistance to tumor development { 3:92444 ) 

O astrocytoma resistance 
Allelic Composition Genetic Background 

involves: 129S4/Sv3ae * C57BLy6J 



tumorigenesis 

malignant tumors { 3:92444 ) 
O astrocytoma susceptibility 
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Allelic Composition Genetic Background 

involves: 129S7/SvEvBrd * C57BL/6J 



normal phenotype 

no phenotype detected { 3:29810 ) 



Allelic Composition Genetic Background 

tr«i pn« ^ pn. involvesi 129Xl/Sv3 



lethality/embryonic-perinatal 

embryonic lethality during organogenesis { 3:54226 ) 

O death by E9.0 to E9.5, 12 to 24 hours after mice homozyg 
j^p^gltmlRpe alone 



embryogenesis 

reduced embryo size { 3:54226 ) 

O but bigger than mice homozygous for Xprel*"^^*^^ alone 

delayed embryonic development { 3:54226 ) 

O developmental arrest 6 h after mice homozygous for Xpi 
O unlike mice homozygous for Xprel^""^'^® alone, small amo 
mesoderm found 



growth/size 

reduced embryo size { 3:54226 ) 

O but bigger than mice homozygous for Xprel^"^^*^® alone 

Allelic Composition Genetic Background 

TQ(Actb-NOTCHl)lShn/ 0 

T9( Nes-cre)3lKln /0 involves: CS7BL/6J 



lethality/embryonic-perinatal 

embryonic lethality { 3:90392 ) 

O fewer than expected double transgenic homozygous mutar 
due to incomplete penetrance of TrpSS^'"^^^^ embryonic le* 

cellular 

cellular phenotype { 3:90392 ) 

O at ElO - 11.5 no increase in the number of apoptotic cells 
found unlike in double transgenics with wild-type Trp53 

Allelic Composition Genetic Background 

Tg(Actb-NQTCHl)lShn/0 

TQ(Nes-creUKIn/ 0 involves: C57BL/6J 
Tr.p53^^^i^/Trp53+ 



cellular 

abnormal apoptosis { 3:90392 ) 

O at ElO - 11.5 the number of apoptotic cells in the brain is i 
Allelic Composition Genetic Background 

^Imlfv^/^maE^ NotSpecfed 

tumorigenesis 

altered tumor susceptibility/resistance { 3:61973 ) 
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MGI_3.4: Phenotypic Allele Detail 



Mouse 
models 



Human Disease 


Note 


Genotype 


Allelic Composition 


Genetic 
Backgrout 


Models with phenotypic similarity to human diseases associated 

TP53. 


U-Fraumeni 




Trp53-tini::ia/Trp53+ 


involves: 
129S2/SV 






involves: 
129S2/S\ 




Xrp53tn3lln/Trp53^"^^-^'^VT 


involves: 

129S2/SV 
* 

129S4/SV 


Syndrome 1; LFSl 




OMIM ID:151623 




Trp53'-^-^^y^/Trp53^^^-^'^yi 


involves: 

129S2/SV 
* 

129S4/SV 




7Vp53tmrDd/Trp53+ 


involves: 
129S2/SV 
* C57BI7 


Models with phenotypic similarity to human diseases not asso 

human TP53. 


Neurofibromatosis, 


1 


Nfitmllya/|^fl+ 


involves: 
129/Sv * 
C57BLy6 


Type I; NFl 
OI^IM ID: 162200 


Irp5:3/-^-^^^^/Trp53+ 



NFl is associated with this disease in humans. 



This mutant allele was produced by a targeted neo insertion into the Trp53 
Honnozygotes show no visible phenotype but develop tumors at 3-6 month 
Heterozygotes develop tumors at 10 months of age. These mice model sor 
features of human Li-Fraumeni syndrome (OMIM 151623), a form of famili 
with mutations in TRP53 (3:16022)(3:16023) A specific human mutation fo 
hepatocellular carcinomas caused by hepatitis B infection or by aflatoxin e) 
been created in a mouse model, resulting in a similar gene product 0:273t 

(Original) J: 17728 Jacks T et aL, "Tumor spectrum analysis in 
mice." Curr Biol 1994 Jan l;4(l):l-7 

All references( 166 ) 
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Mouse models of human diseases involving Trp53^'"''' 



Additional 
information 
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JAX*^4ice Data Sheet 

Go to JAX® Mice Query Form 

Strain Name: 129-7^/755^^ 
Stock Number: 002080 



View Pricing for USA, Canada or View Pricing for International 

Mexico Destinations 



General Terms and Conditions of Sale 

Former Names U9-Trp53^^^yJ (Changed: 03.dec-2003) 

129Sl/SvIniJ-rr/?55^"^^>^' (Changed: 1 l-mar-2001) 

Strain Common Name 1 29S3/SvlmJ'Trp53^''^>'-^'; 
Symbol Trp53^''^'^yJ; 



Product Information 
Strain Details 

Type JAX® GEMM® Strain - Targeted Mutation; 

Additional information on JAX® GEMM® Strains . 

Investigator - Mutation Made Dr Tyler Jacks, Massachusetts Institute of 

By Technology 

Investigator - Donating Dr. Tyler Jacks, Massachusetts Institute of 

Technolog}^ 

ES Cell Line D3 (129S2/SvPas) 

Appearance white-bellied agouti 

Related genotype A^i£^ 

Strain Description 

Mice homozygous for the TrpSS^^^^^^^^ mutation show no visible phenotype but most 
develop tumors (principally lymphomas and osteosarcoma) at 3-6 months of age. 
Heterozygous mice develop tumors at about 10 months of age. These mice model some 
of the features of human Li-Fraumeni syndrome, a form of familial breast cancer with 
mutations in TRP53. Homozygous mice may produce a litter before succumbing to 
tumors. 



http://jaxmicejax.org/jaxmice-cgi/jaxmicedb.cgi?objtype=pricedetail&stock=002080 
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Strain Development 

The Trp53""^^yj mutant strain was developed in the laboratory of Dr. Tyler Jacks at the 
Center for Cancer Research at the Massachusetts Institute of Technology. The 129- 
derived D3 ES cell line was used. The founder mouse was crossed to 129/Sv, 

Gene Details 

Symbol 7r/?53^ ^ 

Allele Name targeted mutation 1, Tyler Jacks 

Gene Symbol and Name Trp53 . transformation related protein 53 

Chromosome 11 

Gene Common Nafne(s) p53; 

Symbol Description The lrp53 gene encodes a tumor suppressor protein (p53) that is critical 
for maintenance of normal cellular function, arresting tlie cell cycle and 
promoting apoptosis. The MDM2 protein binds TRP53 (p53) keeping 
levels low and holding apoptosis in check. DNA damage induces 
phosphorylation of either p53 or MDM2. This prevents the two proteins 
from interacting, and results in the stabilization and acivation of p53. 
Mutations in the Trp53 gene have been found in almost all human 
cancers with varying degrees of frequency. Mutation frequencies of up 
to 50-80% are found in human lung, colon, and breast cancer. Mutant 
TRP53 protein leads to uncontrolled cell growth and tumor 
development. Mouse Locus Catalog entry 

Control Information 

u I Control 
Symbol 

Trp53^'^^^^yj Wildtype from the colony 

Trp53^^^^'^yJ 129Sl/SvImJ 002448 

Considerations for Choosing Controls 

Control Pricing Information for JAX® GEMM® Strains 

Genotyping Protocols 
Colony Maintenance 

Breeding and Husbandry Expected coat color from breeding:White Bellied Agouti 

Homoz>^gous males MAY produce a litter, but will most likely only 
produce 1 litter. 

Diet Information LabPiet® 5K52/5K67 

Related Strains 
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Strains carrying 7>'/?53^^^>^ allele: 

002101 B6.129S2-7>p53^ ^^/J 

002103 B6: 129S2-7>y53^ ^^/J 

002526 C. 1 29S2(;B6V TrpSS^ ^^^f] 

002547 C30u. 129S2nB6Vr/yi3^ ^^/J 

002899 FVB.129S2fB6Vr/y53^ ^^^/J 

Strains carrying other alleles of Jrp53 : 
004301 129-7>y53 ^ ^^^% 

Additional Web Information 

Genetic Quality Control Annual Report 

New 129 Nomenclature Bulletin 

Research Applications 

This mouse can be used to support research in many areas including: 
Trp53^'''^^y^' related 

Apoptosis Research 

Endogenous Regulators 

Cancer Research 

Increased Tumor Incidence ([.ymphomas) 

Increased Tumor Incidence (Other Tissues/Organs: osteosarcoma) 

Toxicology' 

Tumor Suppressor Genes 

Immunoiog}' and Inflammation Research 

Intracellular Signaling Molecules 

Mouse/Human Gene Homoiogs 

Li-Fraumeni syndrome 

Research Tools 

Toxicology Research (drug/compound testing) 

Toxicology Research (B and T cell deficiency) (xenograf>. transplant host) 

References 

Prunary Reference 

Jacks T, Remington L, Williams BO, Schmitt EM, Halachmi S, Bronson RT, Weinberg 
RA. 1994. Tumor spectrum analysis in p53-mutant mice. Curr Biol 4:1-7. [PubMed: 
7922305 ] 
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Additional References 

Price and Supply Information 

Strain Name: i29-Trp53^^^y^/i 
Stock Number: 002080 

Price Details 



Prices are based on shipping destination. To view prices, select your shipping destination. 

• USA. Canada or Mexico 

• International Destinations (EXCEPT Canada and Mexico) 



Supply Details 



Standard Supply 


Repository-Cryopreserved. Please refer to the Supply Notes for further 
information. 


Supply Notes 


This stiain is included in the Induced Mutant Resource collection, 
Cryorecovery - Standard 

The recovery process begins when a signed agreement form is returned to the 
Customer Service Department after order placement. Although results vary by 
strain, at least tvvo males and two females (two pairs) will be provided, typically 
witliin 15 weeks of our receipt of the signed agreement form. If the first 
recovery attempt is unsuccessful or only one pair is recovered, a second 
recovery will be done, extending the deliveiy time to approximately 25 weeks. 
At least one member of each pair will be of known genotype and will carry the 
mutation if it is a mutant strain. Note that pairs may not reflect the mating 
scheme utilized by The Jackson Laboratory prior to cryopreservation of the 
strain. Mating schemes are sometknes modified for successful cryopreservation. 
Price represents a repository maintenance fee, which includes the cost of 
recovery of the strain from the cryopreservation resource and the periodic 
replacement of the frozen embryos used for recovery. 

Cryorecovery to establish a Dedicated Supply for greater quantities of mice 

One to two pairs will be recovered to establish a Dedicated Supply of mice. 
Price by quotation. 

For more infonuation on Dedicated Supply, please contact J AX® Services: Tel: 
800,422.M:[CE r6423) or 207.288.5845: Email: iaxservicesOjax.org. 


Licensing 


See General Terms and Conditions of Sale below for Licensing and Use 
Restrictions. 


Control 
Information 


View Control Information in Strain Details, 

View Control Pricing Information for JAX® GEMM® Strains. 
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General Terms and Conditions of Sale 

Vi ew J AX® Mice Conditions of Use . 

OncoMouse™ requires a license from DuPont, see Licenses for Strains with OncoMouse ^ 
Technology . 

P53 iVIice are subject to U.S. 5,569,824 and corresponding Ucense requirements . 

The Jackson Laboratory's Genotype Promise 

The Jackson Laboratory has rigorous genetic quality control and mutant gene genotyping programs 
to ensure the genetic background of JAX® Mice stiains as well as the genotypes of strains with 
identified molecular mutations. JAX® Mice strains are only made available to researchers after 
meeting our standards. However, the phenotype of each strain may not be fully characterized and/or 
captured in the strain data sheets. Therefore, we cannot guarantee a strain's phenotype will meet 
all expectations. To ensure tliat JAX® Mice will meet the needs of individual research projects or 
when requesting a strain that is new to your research, we suggest ordering and performing tests on a 
small number of mice to determine suitability for your particular project. 



Ordering and Purchasing Information 

Purchasing Information 
JAX® Mice Orders 
Surgical Services 

Contact Information 

Orders & Technical Support 

Tel: 800.422.MICE (6423) or 207.288.5845 

Fax: 207.288.6150 

Technical Support Express E-Mail Form 

Go to JAX® IVIice Query Form 

Research | JAX® Mice & Services { Research Resources | Mouse Genome Informatics | Courses and Educational P 
Pharmaceutical & Biotechnology Outreach | Supporting Our Mission | Home 

About Us I News j Careers | Contact Us j Site Map 

€) Copyright The Jaclcson Laboratory. AJ] rights rescj-ved. Rqiroduction or copyuig of images is prohibited. 
Le gal Notices & Trademarks j Privacy Policy 
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JAX® Mice Strain Informatioo 



|AXlMIC€& SERVICES 
Strain Information 

« How to search for J AX Mice 

• JAX Mice DB Quick Search 
« Research Models 

« Animal Health 

« Genetic Quality 

«■ Strains by Category 

«- Nomenclature Quick Help 

* JAX Bulletin archive 

Service Information 
JAX Mice Literature 
Order Mice 



» JAX® Mice DB Search 
» Frequent Questions 
« Literature Requcssts 
* Technical Support Form 
« E-Mail Alerts 



JAX i Bulletin 



Number 1 

June 1999; Revised Jun 



New 129 Nomenclature - revised 

A large degree of genetic diversity among 129 substrains was recently identifi 
at The Jackson Laboratory (Simpson etal., Nat Genetics 16:19-27, 1997), ant 
by Investigators at Case Western Reserve University (Threadgill eta/., Mamm 
393, 1997). Because of the importance of 129 mice in creating "knockout" ant 
mutant mice, the International Committee on Standardized Genetic Nomencia 
introduced a new nomenclature to distinguish different 129 parental lines and 
strains. 

The overall result is a change in 129 nomenclature that specifies groups of str 
their common parental lineage. The major parental lineages include: 

« 129 strains derived from the original parent strain (designated by the k 
♦ 129 strains derived from a congenic strain made by outcrossing to intrc 

mutation (designated by the letter S) 
» 129 strains derived from the 129 congenic that originally carried the tei 

(designated by the letter T). 

The numbers following the letters (e.g., P3) distinguish the different 129 pare 
each lineage. 

These nomenclature changes affect the strain names for inbred 129 mice and 
transgenes, or spontaneous or targeted mutations on a 129 background. The 
Laboratory has updated the 129 strain names for relevant JAX® Mice in the i 
and Product Guide, and subsequent JAX(g) Mice catalogs, which also list forme 
for your convenience. 



Many targeted mutations (e.g., "knockouts") are maintained on a mixture of C 
particular 129 strain. This mixed genetic background was previously designate 
and subsequently B6;129. Strain names have been revised, e,g., B6;129P or 
distinguishing between 129 strains of the parental (P) or steel (S) lineages. 



The exact origin and breeding history of some spontaneous and targeted mute 
maintained on either a 129 background or mixed B6;129 is unknown. Therefo 
information has been eliminated from some strain names, and they are desigr 
or 66; 129. 



A copy of the article by Resting, etai, {Mammalian Genome, 10:836, 1999) fu 
the rationale behind the nomencia-ture changes and the revised nomenclature 
is found below. 



If you have any questions regarding this change, contact Jackson Laboratory * 
Support at tel: 800 422-MICE(6423) or 207 288-6423; fax: 207 288-6150. 

Revised Nomenciature for Strain 129 Mice 
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Michael FW Resting (1), Elizabeth M Simpson (2), Muriel T Davisson (2), Larry 
(2). 

1. MRC Toxicology Unit, University of Leicester, PO Box 138, Leicester LEI 

2. 7/?e Jackson Laboratory, Bar Harbor, Maine, USA, 

Need for revised nomenclature 

Two recent papers (Simpson eta/., 1997; Threadgill eta/., 1997) have shown 
substantial genetic variation among substrains of this important inbred strain, 
has apparently arisen as a result of genetic contamination, and the rest appee 
residual heterozygosity and/or "contaminant" alleles introduced during variou; 
programs such as in the production of congenic strains carrying steel and susc 
teratomas. 

Correct identification and designation of substrains is essential if the genotype 
strain is to be matched accurately with an appropriate embryonic stem cell lin 
development of "knockout" strains. Unfortunately, current nomenclature mak( 
Thus substrains 129/SvJ and 129/SvJae are very different, but this is not imn* 
even to someone with a good understanding of nomenclature rules. Moreover, 
substrains can only be accurately identified using nomenclature involving quit* 
symbols. Thus, in view of the widespread use of these strains by people with I 
understanding of genetic nomenclature, it seems sensible to introduce new, si 
nomenclature which will minimise future misunderstandings particularly as inv 
sometimes referred to different substrains as simply "129", adding further cor 

The new nomenclature 

The following new nomenclature has been approved by the Committee on Sta 
Genetic Nomenclature for Mice. The aim is to provide short symbols that distir 
substrains when they are abbreviated from the frequently long and complicate 
symbols, either in common usage or in manuscripts. The new nomenclature is 
substrains identified and defined In terms of microsatellite markers by Simpso 
A letter and a number have been introduced in front of the slash that will unei 
identify each of the substrains. The letter is either P, S, T or X indicating whet 
"Parental", "Steel", "Ter" {i.e. susceptible to teratomas) or a genetlcally-conta 
substrain [See JAX® Notes No. 481, Feb. 2001], respectively. A number will t 
differentiate between substrains within each grouping, working from left to rig 
Simpson etal. , (1997). All existing substrain symbols and gene symbols will i 
only change is the introduction of a letter and a number in front of the slash. / 
congenic strain such as 129/Re3-Lama2 dy will take the strain designation of 1 
will be designated 129Pl/ReJ-Z.ama2 dy. This nomenclature change is equivalf 
to distinguish between RIII and RIIIS, where the latter differs substantially frc 
Table 1 shows the approved new nomenclature for each substrain. Note that ] 
(000094), which exists as frozen embryos and has been discovered to be het€ 
many loci, has not been included on this list as it is clearly not an inbred strali 
(002065) and 129/SvEms (002064) are presumed to be genetically identical. 
(002448) was derived from 000090, 129Sl/Sv-+p + Tyr-c Kit! 51-3/+ (former 
see JAX® Notes No. 481, Feb. 2001) in 1995 by selectively breeding out the s 
mutation. Therefore, except for the region surrounding Kit! on Chr 10, these t 
genetically identical. Designated 129S3/SvImJ in 1999 (Festing etal. 1999), C 
renamed in February, 2001 to emphasize its relationship to 129Sl/Sv-+p + 7 

Implementation 

These new nomenclature rules should be put into effect as soon as possible, tl 
recognised that this may take some time if it involves printing new literature, 

References 
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[Resting MFW. Inbred strains of mice. Mouse Genome Informatics, The Jackso 
Bar Harbor, Maine. World Wide Web (URL: http://www.informatics.jax.orQ/ V ( 

Simpson E. M., Under C. C, Sargent E. E., Davisson M, T,, Mobraaten L. E., a 
(1997) Genetic variation among 129 substrains and its importance for targete 
in mice. Nature Genet 16, 19-27. 

Threadgill D. W., Yee D., Matin A., Nadeau J. H., and Magnuson T. (1997) Ger 
129 inbred strains: 129/Svj is a contaminated inbred strain. Mamm. Genome 

Note: Material in [ ] was added after publication 

Table 1. New nomenclature for strain 129 mice [modified to incorporate 129S; 
change] 



Abbreviated 
designation 

129P1- 

Lamal'^y 

129P1 

129P2 

129P3 

129X1 

129S1 

129S1 

12952 
129S4 
129S5 
129S6 

129S7 
129S8 
129T1 
129T2 



Full designation 



Former designation 



129Pl/ReJ-Z.ama2*^>' 129/ReJ-^art?a2^^ 



129Pl/ReJ 
129P2/OlaHsd 
129 P3/ J 
129X1/SVJ 

129Sl/Sv-+^+^>'^-^/C/f/^'- 
'/^ 

129Sl/SvImJ 

129S2/SvPas 
129S4/SvJae 
129S5/SvEvBrd 
129S6/SvEvTac 

129S7/SvEvBrd-Hp/t^- 
m2 

129S8/SvEv@3-Gp/i^ 

129T1/SV-+P Tyr^'^^ 
7er/+@Na 

129T2/SvEms 



129T2 129T2/SvEmsJ 
June 1999; Revised June 2001 



129/ReJ 
129/OlaHsd 
129/J 
129/SvJ 

129S3/SvIm3 (formerly 129/SvImJ, 

129/Sv-+p+^^'^-^+^'^^^-^VJ) 

129/SvPas 

129/SvJae 

129/SvEvBrd 

129/SvEvTac 

129/SvEvBrd-Hpr£^-'"'^ 

129/SvEv-Gp/i^ Hpti^"'^^ @J (forme 
129/SvEv -Hprt^-"^^) 

129/SV-+P Tyt^'''^ 7er/+@Na 
129/SvEms (formerly 129/SvEms- 

129/SvEmsJ (formerly 129/SvEms- 
+^*^''?/J) 

Number 1 
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Animal Model 

Development of Spontaneous Mannnnary Tumors in 
BALB/c p53 Heterozygous Mice 

A Model for Li-Fraumeni Syndrome 



Charlotte Kuperwasser,*'*' Gregory D. Hurlbut,**" 
Frances S. Kittrell * Ellen S. Dickinson,'*' 
Rudy Laucirica,^ Daniel Medina,* 
Stephen P. Naber,"^ and D. Joseph Jerry*"*" 

Fn)7n the Prografn in Molecular and Cellular Biology* and the 
Department of Veterinary and Animal Sciences,^ (Jniveraity of 
Massachusetts, Amherst, Massachusetts; the Depaiiments of Cell 
Biology^ and Pathology^ Baylor College of Medicine, Houston, 
Texas; and the Department of Pathology^ Baystate Medical 
Center, Springfield, Massachusetts 



Breast cancer is the most frequent tumor type among 
women in the United States and in individuals with 
Li-Fraimicni syndrome. The p53 tumor suppressor 
gene is altered in a large proportion of both sponta- 
neous breast malignancies and li-Fraumeni breast 
cancers. This suggests that loss of p53 can accelerate 
breast tumorigenesis , yet p53-deficient mice rarely 
develop mammary tumors. To evaluate the effect of 
p53 loss on mammary tumor formation » the p53^^^ 
allele was back-crossed onto the BALB/c genetic back- 
groimd. Median survival was 15-4 weeks for BALB/c- 
p53~^~ mice compared to 54 weeks for BALB/c- 
p53^^~' mice. Sarcomas and lymphomas were the 
most frequent tumor types in BALB/c^53~^~ mice, 
whereas 55% of the female BALB/c-pJJ"^^' mice de- 
veloped mammary carcinomas. The mammary tu- 
mors were highly aneuploid, frequently lost the re- 
maining wild-type p53 allele, but rarely lost BRCAl. 
Although mamnfiary tumors were rarely detected in 
BALB/C-P5J female mice , when glands from BALB/ 
cp53~'^~ mice were transplanted into wild-type 
BALB/c hosts, 75% developed manmiary tumors. Tlie 
high rate of mammary tumor development in the 
BALB/c background, but not C57B1/6 or 129/Sv, sug- 
gests a genetic predisposition toward mammary tu- 
morigenesis. Therefore, the BAIB/c^33'*'^~ mice pro- 
vide a unique model for the study of breast cancer in 
Li-Fraumeni syndrome. These results demonstrate the 



critical role that the p53 tumor suppressor gene plays 
in preventing tumorigenesis in the manmiary gland. 
(AmJ Patbol 2000, 157:2151-2159) 



The p53 tumor suppressor gene plays a complex and 
critical role in maintaining genome integrity. In cells with 
damaged DNA, p53 mediates the decision to arrest ceils 
to allow for DNA repair or eliminate the cell by apoptotic 
pathways. Mutations in the p53 tumor suppressor gene 
(7P53) are the most common genetic abnormality being 
found In >50% of all human cancers, emphasizing the 
importance of p53 function for suppression of tumors.'' 
Germline mutations in the p53 tumor suppressor gene 
are associated with Li-Fraumeni syndrome In which early- 
onset breast cancer Is the most common cancer affecting 
women with Li-Fraumeni syndrome.^""* Although this sug- 
gests that the loss of p53 is a critical event in the pro- 
gression of breast tumorigenesis, p53-deficient mice 
rarely developed mammary tumors.^ Instead, mice lack- 
ing p53 died prematurely from a variety of other tumors.*' 
The lack of mammary tumor formation in mice deficient 
for p53 suggested that loss of p53 alone was not suffi- 
cient for tumor development in the mammary gland or 
that its role as a tumor suppressor in this tissue was not 
essential. 

Different strains of inbred mice have been shown to 
differ In their susceptibility to mammary tumorigenesis.^ 
Female BALB/c mice were shown to be sensitive to radi- 
ation-induced mammary tumor development, whereas 
C57BI/6 mice were resistant/*® This difference was cor- 
related with an increase in chromosomal Instability In 
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BALB/c mice compared to the C57BI/6 mice rather than 
variations in hormonal levels/ In the analysis of families 
with Li-Fraumeni syndrome, it was shown that some 
women, in particular families, developed breast cancers 
more frequently than women In other families,^ suggest- 
ing the presence of modifier loci that may also be in- 
volved in the predisposition to mammary tumor formation. 
Similarly, lack of mammary tumorigenesis in p53-deficient 
mice could have been because of the resistance of the 
genetic backgrounds. 

Therefore, the p53""" allele was transferred to the 
BALB/c genetic background to determine whether this 
altered the tumor spectrum. BALB/c-p53"^~ mice dis- 
played a similar tumor incidence and spectrum to that 
observed in other backgrounds with a predominance of 
lymphomas and hemangiosarcomas. An abnormal mam- 
mary phenotype, ranging from stromal alterations to pre- 
neoplastic changes in the mammary epithelium, was ob- 
served In the majority of the female BALB/c-p53~''~ mice. 
In contrast, female BALB/c-p53'^'~ mice showed a prev- 
alence of mammary carcinomas with a latency of 8 to 14 
months. These data reveal a genetic predisposition to 
mammary tumor development In BALB/c mice, which is 
accelerated upon loss of p53. Furthermore, the preva- 
lence of mammary tumors in BALB/c-p53'^^"" mice pro- 
vides a model that more accurately reflects the tumor 
spectrum in Individuals with Ll-Fraumeni syndrome. 



Materials and Methods 

Mice and Tissues 

C57BI/6x129/Sv p53-deficient mice (generous gift from 
Tyler Jacks, Cambridge, MA) were mated with BALB/c 
mice. The p53"''" allele from these mice was back- 
crossed for nine generations onto the BALB/cMed strain. 
Individuals were genotyped by multiplexed PGR as de- 
scribed previously. Mice were monitored weekly for 18 
months and sacrificed when overt tumor development was 
detected or when signs of morbidity were evident. A total of 
44 BALB/c-p53~''~ mice (eight male, 36 female) and 45 
BALB/c-p53'^^" mice (seven male, 38 female) underwent 
necropsy. Five wild-type mice were sampled from age- 
matched animals in our colony (n ^ 50). Tumor tissues as 
well as the fourth Inguinal mammary glands were excised 
and fixed for 8 to 12 hours in 10% neutral-buffered formalin. 
Tissues were stored In 70% ethanol before embedding In 
paraffin. Tissues were sectioned at a thickness of 4 ptm and 
were stained with hematoxylin and eosin for evaluation by 
light microscopy. Additional samples of tumor tissue were 
snap-frozen and stored in liquid nitrogen. 



Ploidy Analysis 

Single cell suspensions were obtained by digesting five 
50-jLLm paraffin sections In pepsin. The suspensions were 
filtered, stained with propidlum iodide, and analyzed us- 
ing a FACScan flow cytometer. A total of 20,000 events 
were collected from each sample as described previous- 



ly.^^ DNA histograms were produced using ModFit LT 
software (Verity Software House, Topsham, ME). 

Cytogenetic Analysis 

Fresh tumor tissue was removed at necropsy, rinsed with 
Dulbecco's modified Eagle's medium (Life Technologies, 
Inc., Grand Island, NY) to remove cellular debris, minced, 
and digested for 3 hours in 10 /xg/ml of collagenase III 
(Sigma, SL Louis, MO). The cell suspension was washed 
with 5% adult bovine serum in phosphate-buffered saline 
and cultured in a 100-mm dish In Dulbecco's modified 
Eagle's medium/F12 media supplemented with sodium 
bicarbonate, HEPES buffer, 2% adult bovine serum, in- 
sulin (10 ixg/ml), and epidermal growth factor (5 ng/ml) 
until 60% confluent. The actively dividing culture was 
treated with colcemid (Life Technologies, Inc.) for 18 
hours, then harvested by trypsin digestion. Cells were 
lysed with 0.068 moi/L KCI and fixed with a 3:1 methanol 
and glacial acetic acid solution. Interphase and meta- 
phase nuclei were trypsinlzed and stained with Giemsa 
(BDH Chemicals, Poole, UK) for visualization. 

Soutliern Blot Analysis 

Fresh-frozen tumor samples taken at the time of necropsy 
were homogenized in 100 mmol/L Tris, 5 mmol/L ethyl- 
enediamlnetetraacetic acid, 0.2% sodium dodecyl sul- 
fate, 200 mmol/L NaCI, and digested with 100 /xg/ml 
proteinase K. Genomic DNA was extracted and purified 
with phenol/chloroform (1 :1 ; v/v). Ten micrograms of DNA 
were digested with EcoR! and Stu\, then separated on a 
0.7% agarose gel. The DNA was transferred to a nylon 
membrane, then hybridized to a genomic clone (probe B, 
a generous gift from Tyler Jacks) spanning the region 
from exon 7 to exon 9 of the p53 gene.^^ The blot was 
stripped and hybridized sequentially with probes for 
BRCA1 (exon 11, provided by Roger Wiseman, Research 
Triangle Park, Durham, NC), and p-casein cDNA(exons 1 
to 9). Southern blot was performed in duplicate and 
quantitation was performed using a phosphorlmager 
(Molecular Dynamics, Sunnyvale, CA). Hybridization val- 
ues for p53 and Bf=tCA1 were normalized to p-casein to 
control for loading variation. Hybridization values were 
compared to the genomic DNA of corresponding geno- 
types isolated from tall biopsies. Allelic loss was scored if 
the hybridization value of the tumor was less than or 
equal to 50% of the value obtained from p53^^~ tall DNA. 

Mammary Transplants 

Whole gland transplants were perfonned by surgically 
removing the fourth inguinal mammary glands from ma- 
ture (>8weeks) BALB/c-p53"^" {n = 16) or BALB/c- 
p53'^''^ (n = 8) females and suturing them onto the ab- 
dominal fascia of age-matched BALB/c wild-type 
recipients. Reconstituted mammary gland transplants 
were prepared with modifications of previous proce- 
dures.''^ The fourth inguinal mammary glands from 21- to 
24-day-o!d BALB/c -p53'^^^ females were cleared of 
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Time (Weeks) 

Figure 1. Survival curves of BALB/c /j53-defident mice. Hie probability of 
tumor-free survival of BALB/c-/;55 ^ mice (« = 85; closed circles), and 
BALB/c-y;53' ^ mice (n = 56; open circles) was monitored for 80 weeks. 
No wild -type animals died during tliis study ( n = 5). Dashed lines represent 
tlie median time at wliich of the animals liad developed tumors. 



mammary epithelium. Single ducts from mature BALB/c- 
p53~^~ donors were dissected and transplanted into the 
cleared fat pads from BAlBlc-p53''^'' recipients (n = 14). 
Two weeks after the initial surgery, the reconstituted 
glands were removed and then transplanted onto the 
abdominal fascia of age matched BALB/c wild-type fe- 
males. All transplant recipients were palpated weekly for 
tumor formation and sacrificed when tumor masses were 
detected. Tissues were processed and sectioned for his- 
tological evaluation as above. 



sarcomas were the second most frequently detected tu- 
mor, affecting 39% of the animals. These tumors usually 
were present in the subcutaneous and soft tissues on the 
limbs or head, or In the mammary glands. Although the 
focus of the study was on primary tumors, metastases 
were detected in the lung and liver in several cases. Only 
one mammary carcinoma developed In the BALB/c- 
p53~^~ mice. 

Previous studies have shown that mating of p53 het- 
erozygous animals yielded a reduced number of p53-null 
female offspring because of exencephaiy.^^ Similarly, 
BALB/c-p53~'~ female offspring were not born at the 
expected Mendelian ratios indicating that there were 
gestational defects resulting in embryonic lethality. 
BALB/c-p53"'" females were primarily normal, but mi- 
croscopic lesions were detected in 78% of the mammary 
glands. These included sarcomas, epithelial hyperplasia 
at 2 to 5 months of age, and alterations in stromal mor- 
phology. Stromal abnormalities and sarcomas were the 
predominant mammary lesions present in 68% of the 
BALB/c -p53~^~ female mice. The stromal changes were 
characterized by adipocytes with microvesicular fat 
droplets and a hypercellularity of the stroma (Figure 2C, 
ii). Periductal stromal tissue was thickened and many of 
the mammary ducts were markedly dilated with attenu- 
ated epithelial lining (Figure 2C, iii). In addition to the 
morphological changes observed in the mammary 
glands of nuiliparous BALB/c-p53"'~ mice, abnormal 
stromal and glandular architecture were also seen in 
glands of pregnant, lactating, and postinvoluting mice 
(data not shown). 



Results 

Tumor Incidence and Survival Rate of BALB/c- 
p53-Deficient Mice 

Mice deficient forp53 showed heightened tumor suscep- 
tibility compared to wild-type animals. BALB/c-p53"'" 
mice developed tumors earlier and at higher frequency 
than did BALB/c-pSS"*-^- mice. All of the BALB/c -p53"'" 
mice had developed tumors or died by 26 weeks of age 
with a median of 1 5.4 weeks (Figure 1 ). Among the BALB/ 
c-p53 *'^" mice, 50% developed tumors by 54 weeks and 
only 10% of the animals were tumor-free throughout the 
duration of the study. No wild-type animals developed 
tumors within the 80-week period of observation. 



Tumor Spectrum and Mammary Phenotype in 
BALB/c- p53"^ "- Mice 

There were four predominant cancers detected in BALB/ 
o-p53'^~ mice (Figure 2A). Multiple tumor types were 
often present in individual mice. Lymphomas were the 
most frequent tumor type, affecting 53% of the BALB/c- 
p53'"^'" mice and involved primarily the thymus, lymph 
nodes, or other secondary lymphoid tissues. Hemangio- 



Tumor Spectrum and Mammary Phenotype in 
BALB/c-p53 Heterozygous Mice 

Although BALB/c-p53*''" mice developed tumors fre- 
quently, there was a delay in their appearance and a 
difference in the tumor spectrum compared to the BALB/ 
c-p53~^~ mice. Hemangiosarcomas, lymphomas, and 
osteosarcomas commonly found in some other strains of 
p53-hetero2ygous mice^" were less frequent in BALB/ 
c-p53'^^~ mice, but still accounted for 36% of all of the 
tumors (Figure 3A). 

Although mammary carcinomas were rare in BALB/c- 
p53"^~ mice, they were the most prevalent tumor type in 
BALB/c-pSS"^'" mice, accounting for 42% of the tumors 
(Figure 3A). All of the female heterozygous mice devel- 
oped mammary abnormalities, which were either overt 
mammary carcinomas (55%) or hyperplasias (45%) (Fig- 
ure 3B). Mammary tumors originated in both the inguinal 
and thoracic glands with a latency of 8 to 14 months. 
These tumors were generally adenoacanthomas or aci- 
nar-type adenocarcinomas (Figure 3C) with occasional 
poorly differentiated carcinomas identified. One animal 
developed two separate primary mammary tumors in dif- 
ferent glands that were of different histological types. 
Many of the mammary carcinomas had infiltrating growth 
patterns, however metastases were not detected. Mam- 
mary carcinomas were present in nuiliparous animals 
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FJguurc 2, T\imor distribution and mammary ahnormalities in BaUVc:-/)53 ^ mictr. A: Tumor sj>ectruin from BALBA-/)55 ^ micf . Frequency IvLstogram of tumor 
types oKserved in Ixnh male and female mice (« = 44). B: Mammary phenotype of female BALB/c-p55 ^ mice. Relative frequency of ahnormalities detected 
in die inguinal or dioracic inland from nulliparous and hieeder females (« = 36). O H&E-stained sectifins of mammaiy tissue fixim BALB/c-/)5.5 ^ females. Tlae 
normal murine mammary gland architecture is cliara<:teri/.ed by large adipfxytes in the strruna surrounding a sparse population of d\icls (i, X40 obit;ctive). TjTJical 
stromal clianges oKserved in BALB/c-/j5.^ ^ females (ii and iii). Stroma cliaracterized by microvesicular adipocytes and proliferation of mammary ducts (U, x40 
objective). Hypercelhilar stroma and dilated ducts witli attenuation of the mammary epitlielium (HI, X20 objective). 



and breeder females. Epithelial hyperplasia was de- 
tected in a!l of the female BALB/c-p53'^^" mice that did 
not develop mammary tumors (Figure 3C, iv) and was 
also present in the ductal epithelium of those mice that 
developed mammary carcinomas. 

Frequent Loss ofp53 but Not BRCA1 in 
Mammary Tumors from BALB/c-p53^^~ Mice 

Flow cytometry was performed to determine whether the 
tumors contained a population of aneuploid cells (Figure 
4A). Seventy-one percent (10 of 14) of the mammary 
tumors analyzed exhibited rates of aneuploidy ranging 
from 17 to 89%. Tumors that maintained a diploid state 
had relatively high S-phase fractions ranging from 5 to 
21 %. Cytogenetic analysis was performed to examine the 
types of chromosomal abnormalities present in these 



tumors (Figure 4B). Chromosomal translocations, strand 
breaks, and aberrant mitotic exchanges were common 
abnormalities associated with mammary tumors from 
BALB/c-p53"^^" mice. 

Because of the high degree of aneuploidy and chro- 
mosomal abnormalities detected in the mammary tumors, 
Southern blot analysis was performed on mammary car- 
cinomas to analyze the status of the wild-type p53 allele 
in the BALB/c-pSS"^^" mice (Figure 4C). In all seven of the 
mammary tumors analyzed, there was partial or complete 
loss of the wild-type allele. In contrast, the wild-type p53 
allele was retained in a prepucial adenoma and a salivary 
gland carcinoma from BALB/c-p53^^" mice. Tail DNA 
wild-type, p53*'^'", and p53"^" animals were used as 
positive controls for DNA levels. There was no correlation 
between ploidy status of the mammary carcinoma and 
loss of heterozygosity. 
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Figure 3. 'I'umor distribution and mammary abnormalities in BALB/c-/>5.3 ' ^ mice. Ai Tum<ir spectrum from BALD/c-p^? ' ' mice. iTcquency histogram of tumor 
t>'pes observed in Ixitl^ male and female mice ( « = 45). B: Mammary phenotype of female BALB/c-p55 ' ^ mice. Relative frequency of abnormalities detected 
in the inguinal or tlioracic mammary glands fnim nulliparous and breeder females (« = 38). Mammary hyp<;rplasia was fjKstrrved eitlier alone or in association 
uitli tumors in all glands analyzed. C: H&E-stained sections of mammary tumor tissue from BALB/c-y>55 ' ^ females (X20 objective). A typical adenoacantlioma 
cliaracterized by keratin formation (1) and an adenocarcinoma with small acinar structures Cil). H&E section of a mammary carcinoma infiltrating adjacent stroma. 
CJiJ, X20 objective). l>utal hyj^erpbsia coinmoiily seen in BAI.ti/c-/;5.3 ' female mice (iv, X40 f)bjecUve). 



Because the genes for BRCA1 and p53 lie 21 centi- 
morgans apart on chronnosome 1 1 in mice, it was possi- 
ble that BRCA1 may also have been lost in the in the 
mammary tumors of BALB/c-p53^^" mice. Therefore, 



Southern blot analysis for BRCA1 was performed on 
those mammary carcinomas that were analyzed for p53 
loss of heterozygosity (Figure 4C, bottom). In all of the 
mammary tumors analyzed, little or no loss 0WRCAI was 
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Figure 4. Analysis of DNA from IiAU3/c-/?5.^ ' ^ mammaryr carcinomas. A: Representative DNA histograms determined by FACS analysis from mammary^ tumors 
(n = 14). Seveiuy-one j-jercent of the tumors were aneuploid witli DNA content >40 (i). and tlie remaining 29% of the tumor were diploid (11). The S(ilid line 
represents the distribution of ceRs. Subpopulations of cells wen: calailated using tlie ModFit IT software and are reprtrsenttxi by tlie sliaded peaks. B: 
Representatiw Geimsa -stained (original magnification, X 100) metapliase spreads of mammary carcinomas from BAlD/c-/>5J ' ^ females. Typical abnomialities 
such as quadriradial chmmostimes (1) and chromosome breaks commonly found in aneuploid karyotypes (U) marked by arrows, respectivel^'. C: .Sf)uthern blot 
analy.sis of p53 and BRCA1 in BAJ-n/c-/)5.?'^ mammary l\imors. Genomic DNA from maminar>' tumors (MX), a prepxicial adenoma (PA), a salivary gland 
carcinoma (SC), and tails (tail) were digested ^-idi fcfjRI and Stul. Loss of hetenizygcxsity u-as determined u.sing a genomic ONA clone sparming exon 7 to exon 
9 of the p53 gene. Three bands were detected in tail DNAs fmm li AIJ3/c-p5.? ' ^ mice (tail +/-). Tliese fragments represent the wild-type allele (wt /?53). tlie 
mutant allele (mur /?5.?), and the pstrudogene itlf pS3)- Tlie blot wjs reprolwd with exon 11 of BRCA3 to determine whetlier diere was loss of BRCAJ in the 
mammary tumors from BALD/c-/>55 ' mammary tumors. 



detected compared to tail DNA. The )3-casein locus was 
also analyzed to control for the possibility of random losses 
because of chromosomal instability. Similar to the BRCA1 
locus, there was no evidence of significant toss of alleles at 



the ]3-casein locus compared to tail DNA (data not shown). 
Therefore, preferential loss of the wild-type p53 allele In 
these mammary tumors was not a random event, but seems 
to be selected for during tumor progression. 
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Table 1. Tumor Incidence in BALB/c- p53~^~ 


xMammar)' Gland Tran.spIanLs 






Transplant genotype 


n 


Accepted {%) 


Tumors (%) 


Whole-gland transplants* 








+/+ whole gland 


8 


8(100) 


0(0) 


-/- whole gland 


16 


12(75) 


9(75) 


Reconstituted gland transplants^ 










14 


11(79) 


6(55) 




4 


100 


0(0) 



"Whole glands and reconstituted glands were transplanted Into BALB/c wild-type recipients. 
"p53"'~epitheiturr was transplanted into wild-type strorria. 
%ild-type epithelium transplanted into wiid-iype stroma. 



transplants that were accepted, 75% developed mann- 
mary carcinonnas (Table 1), which were first obsen/ed by 
7 months after transplantation (Figure 5A). Several BALB/ 
c-pSS"^ " whole gland transplants failed to engraft in the 
BALB/c wild-type recipients (25%). No tunnors developed 
in the whole gland transplants derived fronn wild-type 
BALB/c mice. 

Morphological changes in the mammary stroma were 
obsen/ed frequently in BALB/c-p53~^" mice. To deter- 




Figiire 5. Hisiology of mammary carcinomas derived from transplarus. A: The iranspianiaUon of a BAL£i/c-/)5.i~^~ whole gJand iruo a wild-type recipienl yielded 
iiunmiaty tumors as early as 7 months. Typical adencKrarcinoma with structures reminisceiit of nummary ducts and several mitotic figures (H&R, X40 objective). 
B: Adcnocarvinomas also developed from rcionsiiuucd glands consisting of />5>dcficicnt epithelium in a wild-type fat pad. A poori)' diffcrcniiatcd mammaty 
carcinoma invading the adjacent skeletal muscle (H&E, X20 objective). O An adenocarcinoma arising from a p53""*i^^i uunsplanl thai has both acinar slruaures 
(white arrow) and a spindle ceil comp(ment (X4n objective). D: Lung metastasis from a niammaiy carcinoma deiived from a recotvstiruted gland comisting a( 
p53 "''*' epithelium in a wild-type fat pad (HitE, XIO objcdivc). 



Development of Mammary Tumors from BALB/ 
c-p53~'^~' Epithelium 

Because mammary tumors developed in only one of the 
BALB/c-p53~^~ mice, it was possible that early mortality 
masked the development of mammary carcinomas. 
Therefore, whole glands from BALB/c -p53"'" mice were 
transplanted into wild-type (BALB/c-p53'^^^) recipients 
and monitored for tumor formation. Of the whole gland 
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mine whether loss of p53 in the mammary epithelium was 
sufficient for the development of mammary carcinomas 
without the contribution of the p53-deficient stroma, re- 
constituted gland transplants were performed. Reconsti- 
tuted mammary glands composed of either p53~'~ epi- 
thelium and p53^^^ stroma (p53"""^^) or pSS""'"*" 
epithelium and p53^^'* stroma (pdS"*"^) were trans- 
planted into wild-type BALB/c hosts and monitored for 
tumor formation. Of the p53''""^-reconstituted glands 
that were accepted, 55% developed tumors (Table 1). 
Many of these tumors were histologically similar to the 
tumors derived from the BALB/c-p53~^" whole-gland 
transplants- Mammary tumors from p53"""^-reconsti- 
tuted glands often exhibited sarcomatoid differentiation, 
invasive components, and distant metastases (Figure 5, 
A-C). The pdS^-^^ transplants, which consisted of wild- 
type epithelium and stroma, did not develop tumors. 
Although the number of tumors that developed in the 
whole-gland transplants was greater than in p53"'^"^- 
reconstituted gland transplants, there was no statistical 
difference in latency or frequency between the transplant 
experiments (P > 0.05). Similar to the BALB/c-p53"^" 
whole gland transplants, 21% of the p53"""^*-reconsti- 
tuted gland transplants failed to engraft. This seemed to 
be dependent on the lack of p53 in the epithelium be- 
cause all of the p53''^ transplants were accepted and is 
consistent with recent experiments with transplants of 
p53-deficient mammary epithelium. 



Discussion 

Given the large number of breast cancers with p53 mu- 
tations and the prevalence of breast tumors in women 
with Li-Fraumeni syndrome,^^^'' it was surprising that the 
p53-deficient mice rarely developed mammary tumors. 
Therefore, we sought to examine the effects of p53 loss 
on the BALB/c strain that has been widely used for the 
study of the mammary gland and has been shown to be 
more susceptible to induction of mammary tumors.^ 
BALB/c-p53"'" female mice did not develop mammary 
carcinomas, but stromal changes were frequently ob- 
served in the mammary gland. Early mortality because of 
lymphomas was likely to have precluded the develop- 
ment of mammary tumors. This is supported by the de- 
velopment of mammary carcinomas when p53-deficient 
mammary glands were transplanted into wild-type hosts 
(Table 1). Furthermore, transplantation of p53-deficient 
epithelium into wild-type fat pads also produced mam- 
mary carcinomas, suggesting that p53 loss in the mam- 
mary epithelium is a critical step in tumorigenesis (Table 
1).^^ The histology of mammary tumors observed in the 
BALB/c-p53-deficient mammary tissue is typical of spon- 
taneous mammary tumors in mice''® and does not exhibit 
unique histological features that have been observed in 
other genetically engineered mice.^° Therefore, this 
knockout model of mammary tumorigenesis seems to 
reflect the acceleration of sporadic mammary tumors and 
their progression that is found in otherwise genetically 
normal mice. 



In humans, Li-Fraumeni syndrome is an inherited pre- 
disposition to cancer development and more than half of 
affected families carry germline mutations in the p53 
tumor suppressor gene.^ Tumors typically associated 
with this syndrome are early-onset breast carcinomas, 
osteosarcomas, soft-tissue sarcomas, brain tumors, and 
leukemias.^'^'^^^^ The BALB/c-p53^'" mice developed 
mammary carcinomas and other malignancies in a pat- 
tern and frequency similar to that reported for the Li- 
Fraumeni syndrome in humans (Figure SA).^""**^^*^*^ The 
breast cancers that arise in women from Li-Fraumeni 
families typically develop at mid-life, are highly aneu- 
ploid, and frequently lose the remaining wild-type p53 
allele.^'^'^'^^ Similarly, the mammary tumors in BALB/c- 
p53^'" mice developed near mid-life (latency of 8 to 14 
months), were highly aneuploid, and frequently lost the 
wild-type p53 allele (Figure 4), This frequent loss of the 
wild-type allele in mammary carcinomas from the BALB/ 
c-p53'*'^~ mice differs from the situation in lymphomas 
where more than half of lymphomas that developed in 
p53-hetero2ygous mice retained the wild-type allele.^^ 
Hence, loss of the wild-type p53 allele may be required 
for tumor development in the mammary epithelium, but 
not in other tissues. 

The loss of BRCA1 has been linked to heightened risk 
of breast cancer, yet mutations in this tumor suppressor 
gene are infrequent in sporadic breast cancers. In 
BRCA1 conditional knockout mice, where mammary tu- 
mors developed after 10 months, three out of four mam- 
mary tumors had also lost p53^^ suggesting that loss of 
both genes may contribute to tumorigenesis. However, 
none of the mammary carcinomas from BALB/c -pSS**"^" 
mice lostS/?C>47, supporting the concept that loss of p53 
alone is a central and perhaps early event for initiation 
and progression of mammary tumors. Given that the p53 
and BRCA1 genes lie 21 centimorgans apart on chromo- 
some 11, it was surprising that loss oiBRCAl was not seen 
in some of the tumors if genetic losses occurred randomly. 
Although the exact mechanism by which p53 was deleted 
cannot be determined by this analysis, these data suggest 
that the tumor suppressive effects of p53 occur indepen- 
dent of BRCA1, and that loss of BRCA1 was not required for 
the development of mammary tumors. 

The high rate of mammary tumor development in the 
BALB/c p53-deficient mice compared to other p53- 
knockout strains is intriguing. Differences in tumor spec- 
trum were reported between C57Bl/6x129/Sv, which pri- 
marily developed lymphomas, and pure 129/Sv, which 
readily developed testicular tumors. ""^ It was suggested 
that the difference in tumor spectrums was related to the 
difference in strain-specific tumor susceptibilities. The 
129/Sv mice have a relatively high incidence of terato- 
carcinomas^^ whereas the C57BI/6 do not. Although the 
normal BALB/c inbred strain has a low incidence of spon- 
taneous mammary tumors, it has been demonstrated that 
the BALB/c mammary epithelium is susceptible to genetic 
instability and radiation-induced mammary tumorigene- 
gjg 7.8,24 ^ pjyQiai pQie Qf jp determining susceptibility of 
the mammary epithelium to tumor development is sug- 
gested by recent experiments demonstrating that p53 
function is compromised in the normal BALB/c mammary 
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epithelium.^^ The heightened susceptibility of BALB/c 
mice to mammary tumor formation supports the existence 
of genetic modifiers that interact with p53-deficiency 
epistatically and predisposes to tissue-specific tumori- 
genesis. The BALB/c strain possesses a variant allele for 
Cdkn2a (p16/iNK4a, p19/ARFP that increases suscep- 
tibility of the BALB/c strain to plasmacytomas. P19/ARF- 
deficient mice are predisposed to tumor development, 
yet mammary carcinomas are rare.^^ This suggests that 
other unidentified modifier loci may be responsible for the 
mammary tumor phenotype in BALB/c-p53"^'" mice. 
Identification of the genetic modifier gene(s) responsible 
for the heightened development of mammary carcinomas 
in BALB/c mice v\^iil be of particular importance because 
It may explain the variation in susceptibility to tumor de- 
velopment and tumor spectrum in different individuals 
with the same germline mutation in p53. 
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